Following the principles of collective total synthesis, a number of natural products sharing an optically pure, multifunctional, cyclopentanic core were synthesized from a common precursor: plinol A (1). This intermediate was efficiently obtained in only four steps from (-)-linalool (2) using as the key step a Ti(III)-mediated diastereoselective radical cyclization. The feasibility of this approach was confirmed with the expedient enantiospecific synthesis of cyclonerodiol (3), and the formal synthesis of chocol G (4) and piperitone (5).
There exist a number of natural products containing a cyclopentanic core which incorporates different stereogenic centers ( Figure 1 ). Interested in the efficient and large-scale preparation of these and related compounds, we described recently the synthesis of enantiopure chokols K, E, and B starting from naturally occurring (+)-nerolidol [1] . As a continuation of this work, we report herein how different natural structures can be generated from an adequate precursor following the principles of collective total synthesis. Plinol A (1) was postulated as this precursor and, as a proof of concept, the enantioselective total synthesis of (-)-cyclonerodiol (3) and the formal syntheses of chokol K (4) and the related cyclohexenone piperitone (5) was planned ( Figure 1 ). Cyclonerodiol is a sesquiterpene diol, first reported from a Trichothecium sp, although later also described from other fungi, such as Fusarium fujikuroi [2] . This compound exhibited plant growth regulatory activity and some antibiotic properties [3] . Two syntheses of this compound were previously reported, but both of them resulted in a mixture of diastereomers at the stereogenic center on the side chain [4] . Chokol G is the simplest congener of the chokol group of fungitoxic sesquiterpenoids. These compounds are isolated from stroma of Phleum pratense infected by the fungus Epichloe typhina [5] . Only one asymetric approach was described for this compound [6] . Piperitone is found in several families of higher plants, especially in some Cymbopogon and Eucalyptus species, where it is a major component [7].
As mentioned above, we reported the Ti(III)-mediated diastereoselective cyclization of a monoepoxide derivative of naturally occurring (+)-nerolidol as a key step in the synthesis of chokols K, E and B [1] . The hydroxy-directed template effect played by the Ti(III) species was postulated to account for the stereoselective outcome of the reaction [1] (Scheme 1). Following the same reasoning, it was thought that the C-10 monoterpene analogue of nerolidol, linalool, would produce the desired cyclopentanic structure with its three stereogenic centers possessing the required configuration. Thus epoxidation of commercially available (-)-linalool (2) under Sharpless experimental conditions led to a diastereomeric mixture of monoepoxides 6 in a molecular ratio close to unity. Radical cyclization of 6 by Ti(III) in the presence of triethylamine afforded hydroxyplinol A (7) in 66% yield [1] (Scheme 2). From compound 7, plinol A (1) was efficiently obtained after chemoselective conversion of the primary alcohol to its xanthate derivative, which was then reduced with Bu 3 SnH in the presence of AIBN. It should be noted at this point that the enantiopure synthesis of 1 supposed the formal synthesis of two interesting natural products, chocol G 4 [6] and piperitone 5 [7b] . It deserves to be underlined that the herein described approach to chokol G (4) improves significantly the efficiency to the previous asymmetric synthesis of this compound [6] . Starting from compound 1, the synthesis of (+)-cyclonerodiol (3) requires a C-5 homologation, as well as the stereoselective generation of the chiral center at the side chain (Scheme 3). To this end, we protected the tertiary alcohol with MEMCl, and achieved the epoxidation of the terminal double bond at 0ºC to obtain a couple of diastereoisomers (9) in an approximate 1.7:1 ratio (Scheme 3). At this point, the stereochemistry of these isomers could not be assigned. The necessary C-5 moiety to complete the synthesis of cyclonerolidol was accomplished in a two-step protocol. Firstly, the mixture of epoxides 9 was treated with allyllithium (generated in situ fron allyltributyl tin and butyl lithium) to afford again a mixture of epimers 10a and 10b that now could be separated by silica gel column chromatography. To continue with our synthetic approach we chose randomly the major isomer 10a. The remaining 3 carbon atoms required to complete the sesquiterpene skeleton of cyclonerodiol were incorporated by metathesis reaction of 10a with 2-methyl-2-butene, a transformation that proceeded in acceptable yield to produce 11. To conclude the synthesis of cyclonerodiol, the deprotection of the tertiary alcohol was required. To this end, compound 11 was treated with AcOH and HCl in THF to give (-)-cyclonerodiol (3). 1 H and 13 C NMR data of our synthetic 2 coincide completely with those of the natural product [8] . The sign of the optical rotation [] D of both synthetic (-23.8°, c 1.0, CH 2 Cl 2 ) and natural cyclonerolidol (-21.0°, c 1.04, CH 3 Cl) [9] matched, thus confirming the absolute configuration of the natural compound.
To conclude, we describe an expedient process for the multigram production of (-)-plinol A (1) from commercially available (-)linalool (2). The power of 1 to access to different natural products has been shown with the formal synthesis of (-)-chokol G (4), piperitone (5) and the total synthesis of enantiopure (-)cyclonerodiol (3) in five steps. The key step in these syntheses was a Ti(III)-mediated diastereoselective radical cyclization of the monoepoxide of (-)-linalool (2).
Experimental
General: All air-and water-sensitive reactions were performed in flasks flame-dried under a positive flow of argon and conducted under an atmosphere of argon. Tetrahydrofuran (THF) was freshly distilled immediately prior to use from sodium/benzophenone and strictly deoxygenated for 30 min under argon for the Cp 2 TiCl 2 /Mn reaction. Reagents were purchased at the highest commercial quality and used without further purification, unless otherwise stated. Silica gel SDS 60 (35-70 μm) was used for flash CC. IR spectra were recorded on a Mattson Satellite FTIR spectrometer. NMR spectra were obtained with a Varian Direct-Drive 500 ( 1 H 500 MHz/ 13 C 125 MHz) spectrometer.
(1R,2R,3R)-2-(Hydroxymethyl)-1-methyl-3-(prop-1-en-2yl)cyclopentanol:
Compound (-)-7 was obtained after cyclization of the corresponding monoepoxides of (-)-linalool according to our previous reported protocol [1] .
Plinol A (1):
A mixture of 7 (170 mg, 1.0 mmol) and carbon disulfide (0.2 mL, 3.36 mmol) was dissolved in tetrahydrofuran (4 mL). A solution of sodium hydride 60% in mineral oil (46 mg, 1.1 mmol) in tetrahydrofuran (6 mL) was added to the solution of alcohol at 0ºC. This mixture was stirred for 1h 30 min under an argon atmosphere at room temperature. Then, methyl iodide (0.42 mL, 6.71 mmol) was added and the mixture was stirred for 5 min. The reaction mixture was diluted with MTBE and washed with brine, dried over anhydrous Na 2 SO 4 and concentrated under reduced pressure. The resulting crude was purified by CC (n-hexane/MTBE, 3:1) on silica gel to afford 218 mg (84% yield) of the corresponding xanthate. A mixture of the xanthate (112 mg, 0.43 mmol), AIBN (7 mg, 0.04 mmol) and HSn(Bu) 3 (372 mg,
Synthesis of cyclonerodiol
Natural Product Communications Vol. 10 (1) 2015 3 0.34 mmol) in strictly deoxygenated toluene (27 mL) was refluxed for 10 min under argon. The reaction mixture was purified directly by CC (n-hexane/MTBE, 1:1) on silica gel to afford 44 mg (67% overall yield) of (-)-plinol A [10] . NMR spectroscopic data of 1 coincides with those previously reported [11] .
Compound 8: To a solution of 1 (953 mg, 6.19 mmol) in 24 mL of DMF, 3.23 mL of DIPEA and 1.82 mL (16.1 mmol) of MEMCl were added. After stirring at 60ºC for 1 h 30 min, the reaction crude was diluted with TBME and washed with water and brine. The residue was flashed chromatographed (n-hexane/MTBE, 1:1) to afford 1288 mg of compound 8 (86%). 
Compounds 10a and 10b:
To a solution of 8 (825 mg, 3.4 mmol) in 2 mL of CH 2 Cl 2 , 70% MCPBA (913 mg, 4.09 mmol) was added in portions. After stirring at rt for 2 h, the mixture was diluted with CH 2 Cl 2 and washed with sat NaHCO 3 and brine, dried over Na 2 SO 4 and concentrated under vacuum. The residue was flashed chromatographed (n-hexane/MTBE, 2:1) to give 688 mg of compound diastereomeric epoxides 9 (78%). To a solution of allyl 3 SnH ( 1.27 mL, 4.1 mmol) in 30 mL of THF, cooled at -78ºC, 2 mL of 2M nBuLi was added. The resulting solution was then stirred for 5 min. This solution was then transferred via cannula to a solution of epoxides 9 (581 mg, 2.24 mmol) in 5 mL of THF and cooled at -78ºC. The resulting mixture was stirred for 10 min and then diluted with TBME, washed with sat NH 4 Cl, brine, dried over Na 2 SO 4 and concentrated under vacuum. The reaction crude was chromatographed using mixtures of n-hexane/TBME of increasing polarity to afford 116 mg of compound 10b (n-hexane/MTBE, 3:1), 313 mg of a mixture of 10a and 10b, and 192 mg of 10b.
Compound 10a
[α] D : -28.3 (c 1.00, CH 2 Cl 2 ). IR (KBr): 3483, 2966, 2930, 1640, 1458, 1374, 1260, 1010, 1043, 908, 859 cm -1 . 1 
(-)-Cyclonerodiol (3):
To a solution of 10a (52 mg, 0.17 mmol) in CH 2 Cl 2 (1 mL) under argon, 0.7 ml of 2-methyl-2-butene and then 20 mg of Grubbs catalyst were added. The reaction mixture was heated at 40ºC for 16 h. The reaction crude was then filtered through a silica gel column. The resulting crude was dissolved in 1 mL of THF, and then 1.4 mL of AcOH and 0.4 mL of H 2 O were added. The mixture was then stirred at rt for 1 h 20 min, and then diluted with brine and extracted with TBME. The organic layer was washed with 7% aqueous NaHCO3 and dried over Na 2 SO 4 . Evaporation of the organic solvent gave a residue, which was chromatographed on silica gel (n-hexane/MTBE, 1:1) to give 30 mg (73% over two steps) of 3. 
